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CHAPTER I 
INTRODUCTION 
Statement of the p·robl·em 
Vigilance is defined as that process of observation 
that requires an observer to scan a stimulus array and 
make some positive response to infrequently-occurring 
stimuli of a certain class. The impetus for vigilance 
research was the need, during World War II, for more 
efficient radar surveillance techniques. The need for 
vigilance in the military is still great, and now, with 
the growing need for trained observers to work in automated 
plants and assembly lines, vigilance research is becoming 
increasingly important in industrial settings. 
One of the goals of vigilance research has been the 
identification of variables affecting performance decre-
ments during the course of a vigil. However, the applica-
bility of most laboratory findings to the modification of 
performance on industrial inspection tasks has been ques-
tioned (Smith & Lucaccini, 1969). Specifically, there is 
little evidence for the existence of performance decrements 
in industrial monitoring tasks. This difference between 
performance on laboratory and industrial tasks has been 
attributed to differences in task characteristics (Swet~ & 
Kristofferson, 1970); the evidence suggests that tasks re-
quiring continuous monitoring for signals appearing during 
undefined observation intervals typically result in perfor-
mance decrements over time while tasks involving non-
continuous observation do not result in such decrements. 
While most laboratory vigilance tasks have been of the 
former type, industrial monitoring tasks are typically of 
the latter type. 
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Although many variables affecting vigilance behavior 
have been identified, there has not been substantial agree-
ment on the importance of these variables as contributors 
either to performance decrements often found in laboratory 
research or to performance levels in industrial inspection 
tasks. Two variables of presumed importance are level of 
motivation and task difficulty. The purpose of the present 
experiment was to assess the main and interactive effects of 
these variables on performance on a task which approximated 
more closely an industrial inspection task than have the 
bulk of traditional vigilance studies. 
Review of the Literature 
Research on vigilance has evolved from work by 
Mackworth (1950). He required Ss to continuously observe 
the movement of a large clock hand. The specific task 
required~ to report the clock hand's double jump instead 
of its customary single jump. Mackworth found that during 
the course of a two hour session there was a significant 
decrease in the probability of detection of the double 
jump. ', 
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Following Mackworth's (1950) initial observations, the 
main focus of most vigilance research has been the isolation 
of variables which might affect the efficiency of detection 
performance during the course of a vigil. Among the impor-
tant factors that have been extensively studied are signal-
presentation rate (Faulkner, 1962; Harris, 1968; Jenkins, 
1958), intersignal interval (Adams & Boulter, 1964; Boulter 
& Adams, 1963; Dardano, 1962), extraneous stimulation 
(Bergum, 1966; Eason, Beardshall & Jaffee, 1965), and 
interpolated rest (Adams, 1956; Bergum & Lehr, 1962; Bhatia 
& Murreil, 1969; Frankmann & Adams, 1962; Kappauf & Powe, 
1959). 
Two variables of presumed importance that have re-
ceived surprisingly little systematic.attention are level of 
motivation (Baker, 1961; Ware, Kowal & Baker, 1964) and 
task difficulty. 
Motivational Effects on Vigilance Performance 
In the few studies that have attempted clarification 
of rr.otivational effects on watch-keeping, several different 
procedures have been used, all supposedly manipulating 
level of "motivation." The term "task incentive" would 
perhaps better describe the variable of interest because 
of the vagueness of the term motivation. However, since 
the word "motivation" has typically been employed in re-
ports of these studies, the term shall be used in the 
present report. 
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Monetary reward has been used frequently as a motiva-
tional variable in vigilance studies. Smith, Lucaccini, and 
Epstein (1967), for example, found that by giving money for 
correct detections, and deducting money for misses and 
false alarms, the level of performance on a vigilance task 
could be manipulated. They found that performance was most 
efficient when both the reward and the penalty for errors 
were highest. Those who wer~ punished most severely, i.e., 
money deducted for both misses ·(.§_ did not report a critical 
signal when it was present) and false alarms (.§_ reported 
seeing the critical signal when it was not present), had 
the poorest performance. Bergum and Lehr (1964) conducted 
a similar experiment with the addition of complete with-
drawal of the monetary incentive in a second session of the 
experiment. The results of the first experimental session 
were similar to those of Smith et al. (1967), i.e., Ss 
receiving - money for each correct detection reported more 
critical signals than those not receiving money. In a 
second session, after the monetary incentive was withdrawn, 
there was no difference between the groups' performance. 
There was, however, a performance decrement over time for 
both groups. Levine (1966) found that when 0.2¢ was 
deducted for each miss and false alarm, a high decrement 
was evident. Levine suggested that the increased cost for 
the misses and false alarms (i.e., the deduction of money 
from that already earned for correct detections) led to the 
poorer performance. · 
Knowledge of results also appea;rs to affect vigilance 
performance. Adams and Humes (1963) found that ~s who 
were given knowledge of results did significantly better 
than those who were not so informed. In addition, the Ss 
performed equally well on a transfer task in which they 
were not given kno":'7ledge of results. Weidenfeller, Baker, 
and Ware (1962) found that both "true knowledge of results" 
and "false knowledge of results" attenuated the typically-
found performance decrement over time, and so maintained 
a fairly stable performance level throughout the watch~ 
This suggests an effect of knowledge of results on ~•s 
motivation level rather than a reinforcement effect. 
Montague and Webber (1965) and Sipowicz, Ware and Baker 
(1962) used a combination of knowledge of results and 
monetary rewards as motivators in vigilance tasks. Both 
studies used the add-subtract reward method. Montague 
and Webber (1965) found highest performance associated 
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v.'ith the reonetary reward alone, while Sipowicz et al. (1962), 
found the highest performance elicited by knowledge of 
results in addition to monetary reward. Montague and 
Webber also found that training with both knowledge of 
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results and money did not transfer to detection sessions 
not utilizing the two conditions. This finding contradicted 
that of Adams and Humes (1963) discussed above. 
Other variables purported by some authors to have 
motivating effects on vigilance performance are the attitude 
of the experimenter and the nature o_f his instructions to 
the S. Ware, Kowal, and Baker (1964) measured vigilance 
performance with either an autocratic or a democratic 
experimenter and found that a group of Ss having the 
democratic experimenter detected significantly more targets 
in a three hour session than did the autocratic group. 
Lucaccini, Freedy and Lyman (1968) obtained similar results 
by simply changing one word in the pre-task instructions. 
One group was told that the task would be challenging, 
while another group was told that the same task would be 
monotonous. The former group detected significantly more 
critical signals than did the latter group. Tolin (in 
press) also obtained instruction-related differences. 
However, instructions appeared to affect false alarm rates, 
rathe r than correct detections. 
Bergum and Lehr (1963) obtained higher performance 
levels when E was in the same room as S than when E and S 
were in separate rooms. The Ss were National Guard 
trainees and the E was a Lt. Colonel. 
Effect~~ ~ask Difficulty~ Vigilance Performance 
Another variable important to · the research on vigilance 
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is task difficulty. A difficult task is usu~lly described 
as one _ in which the critical signals come from many differ-
ent sources or points in a display, i.e., considerable 
scanning is required. 
Little systematic research has been done to determine 
the effects of task difficulty on wa~ch-keeping performance. 
Few available reports document any attempt to quantify task 
difficulty, and task variability among laboratories has 
been a decided barrier to the establishment of systematic 
knowledge concerning the influence of task characteristics 
on vigilance behavior. 
In one of the few studies dealing with task difficulty, 
Harris (1966) studied the relationship between the degree 
of complexity of electronic equipment and performance on 
an inspection task. It was assumed that as the number ·of 
parts and their interrelationships increased and became 
less organized, the task became more difficult. It was 
found that inspection performance had an almost perfect 
inverse relationship with equipment complexity. 
One method of simulating a difficult task requires 
performance on more than one task at a time. For example, 
Harris (1966) had Ss monitor a tone to detect pitch changes 
while at the same time performing four other tasks including 
visual monitoring tasks and problem solving tasks. The 
results s h owed no differences in performance on any of the 
tasks and the typical vigilance decrement was very evident. 
These results were interpreted as failing to support an 
"activation hypothesis," which states that the more ex-
traneous environmental stimuli there are, the higher the 
attentive level of the organism.. Since the more difficult 
task supposedly contained more extraneous _stimuli, it 
should have increased the attentiven~ss of the Sand hence 
improved performance; in fact it did not. Hawkes, Meighan 
and Alluisi (1964) obtained different results with a 
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similar design. Again, the main task was an auditory 
vigilance task while up to four other tasks were performed 
simultaneously. The task demand, i.e., two tasks together, 
three together, etc., was also varied, and one of the experi- • 
mental groups was given cutaneous stimulation concurrent 
with the vigilance tas~s. The results showed, first, that 
the poorer performance occured when the task demand was 
high and the best performance, when the demand was low. 
Secondly, the addition of the cutaneous stimulation im-
proved performance and maintained efficiency in spite of 
variations in the level of task demand. 
Another method of varying task difficulty has been to 
utilize a •display containing a number of different points 
of signal origin, thus requiring the~ to constantly scan 
them. This design was used by Webber and Adams (1964) and 
by Luce (1964). In the Webber and Adams experiment the S 
had to detect a change in any one of 12 different boxes 
containing two digit numbers. In the Luce experiment the· S 
had to detect the occurence of a signal in one of five 
different source points on a display. The results of both 
studies were similar: the more difficult the task, the 
less the performance decrement. 
Purpose of the Study 
The present investigation examined the main and inter-
active effects of motivation level and task difficulty_on 
a vigilance task. It was expected that ~s performing a 
difficult task would detect more signals than ~s performing 
a simple task. Further, it was expected that increased 
motivation level would ~acilitate performance. Because of 
the lack of systematic research and theory, no specific 
hypotheses were formulated regarding possible interaction 
of these variables. 
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Subjects and Design 
CHAPTER II 
METHOD 
The Ss were 24 male and 28 female undergraduate volun-
teers attending Central Washington State College during the 
summer of 1970. The Ss' ages ranged from 18 years to 48 
years, with a median age of 23. The Ss were recruited 
from classes below the senior level in order to exclude the 
more experiment-wise ~s; none had ever participated in 
research of this type. Six males and seven females were 
randomly assigned to each of four groups in a 2x2x5 design. 
These groups were defined in terms of task difficulty· 
(difficult vs. easy) and level of motivation (high vs. low). 
The third independent variable was length of time 
spent in watch. For purposes of analysis .the task was 
divided into five blocks of 40 slide presentations each. · 
Twenty slides were shown repeatedly, with five of these 
slides containing a critical signal. These critical slides 
were presented in random fashion, with the restriction 
that there were ten such slides in each block of trials. 
The data of interest were the number of correct detections 
of the critical signal and the number of false alarms 
within each block of trials. 
The difficult task required Ss to view two hundred, 
35mm slides. Each slide portrayed 35 similar geometric 
figures. One critical figure (signal) appeared on 50 
slides. In the easy condition the Ss viewed 200 slides 
containing only 20 figures per slide; again 50 slides con-
tained une critical figure. 
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The figures that appeared on each slide (See Figure 1) 
were black squares differing only in the number of protru-
sions extending from their sides. The neutral figures 
(i.e., noise) consisted of squares with O, 2, 3,_~r 4 
protrusions. Th.e critical signal had only one protrusion. 
Level of motivation was manipulated by having~ either 
in the room with~ during the task (high motivation) or in 
a separate room out of_~•s sight (low motivation). This 
technique was. used previously by Bergum and Lehr (196 ·3). 
A main consideration in this study was to design an 
experimental task similar to an industrial inspection task 
requiring a worker to detect defective items interspersed 
among a constant flow of similar items. The 35mm slides 
portraying the stimuli were serially projected with a 
Kodak ~andom-access projector (model RA-950) onto a 
29.94 x 24.13 cm rear-projection screen. The screen was 
positioned on a 75 cm high table, approximately 108 cm 
from the S and just below ~' s eye level. Intertrial 
interval and length of presentation was controlled by two 




FIG. 1. Stimulus objects. No. 1 is the critical 
item. Nos. 2,3,4 and 5 are neutral items. 
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seconds with intertrial intervals of six seconds. The con-
trol equipment·was located in a room adjacent to a dimly-
illuminated (light source was one 15-watt lamp) sound-
attenuating chamber (Industrial Acoustics Co., model 403 SP) 
in which the Ss worked. The stimuli were projected from 
the equipment room onto the rear projection screen in the 
S's chamber through a window. This window was blacked out 
except for a clear aperture for the projector lens. A 
control unit enabled E to select the slides according to a 
predetermined schedule during the six-second intertrial 
intervals. Subjects verbally reported detected signals 
into a hand-held Sony microphone (model MTL F-96) connected 
to a speaker in .the control room. All Ss responded into 
the microphone, which was active only for Ss in the low-
motivation condition. 
Procedure 
In the experimental chamber, the s was seated in a 
standard student chair positioned directly in front of the 
display screen. A stimulus array containing a critical 
object was projected on the screen as an example for the s. 
'I'he complexity of. the array was determined by the condition 
to which the Shad been randomly assigned. When the S was 
comfortably seated the instructions were read. The S was 
told to ob:3erve the screen at all times, to remain alert, 
and to respond by verbally stating 11 yes 11 whenever a 
critical signal appeared on the screen (see Appendix A for 
complete instructions). 
If th~~ had been assigned to the low motivation 
condition, the E adjourned to the adjacent room and began 
the first trial. If the S was in the hig~ motivation 
group the E sat down in a desk positjoned to the left of 
the Sand out of the ~•s direct line of sight. Data re-
cording and slide selection were conducted behind a low 
partition, out of view of s. The session lasted for 




Data on correct detections are listed in Appendix B. 
False-alarm rates (see Appendix C) were less than one per-
cent and, hence, only results relating to hit-rates are 
reported here. Table 1 gives the mean number of correct 
detections in each block of trials for all groups. The 
results of an analysis · of variance. are presented in Table 
2. Motivation level, as defin~d by the presence or absence 
of E was not a significant determinant of performance level. 
The significant effect of task difficulty (p(.01) reflects 
the consistently higher number of signals detected by Ss 
in the simple task condition. In addition, there was a 
significant Task Difficulty x Trial Blocks interaction 
(p < .01), As shown in Figure 2, in the simple condition 
there was no significant· change in performance over time 
while in the difficult c9ndition the hit-rate inc~eased 
over time (p~.01). 
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TABLE l 
Mean Number of Signals Detected 
Group Trial Blocks 
Task Motivation 1 2 3 4 5 x 
Simple Low 8.92 9.64 9.61 9.30 9.15 9.32 
Simple High 8.46 8.23 9.15 8.92 9.08 8.77 
Difficult Low 6.31 5.77 6.15 7.00 7.54 6.55 
Difficult -High 6.08 6.31 6.85 7.61 7.31 6.83 
x simple 8.69 8.93 9.38 9.11 9.11 
Xdifficult 6 .19 6.04 6.50 7.30 7.42 
x low 7.61 7.70 7.88 8.15 8.34 
~igh 7.27 7.27 8.00 8.26 8.19 
TABLE - 2 
Analysis of Variance: Correct Detections 
Source 
Task Difficulty (A) 
Motivation Level 
AX B 
Ss within AB 
Trial Blocks (C) 
AX C 
A, X c' 
A2. X C Cl.. 
B X C 
A X B X C 
Ss within AB X C 





ss df MS 
362.50 1 362.50 
1. 40 1 1.40 
11.63 1 11.63 
196.49 48 4.09 
31.25 4 7.81 
17.72 4 4.43 
6.66 4 1.66 
42.31 4 10.58 
3.59 4 0.90 
9.19 4 2.30 
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FIG. · 2. Mean number of detections for groups under 




Since Bergum and Lehr (1963) had obtained significant 
improvement in vigilance performance when E was in the 
same room ass, it was expected that level of motivation, 
as manipulated in the present study, would likewise affect 
performance. An explanation of why it did not mfght be 
that in the Bergum and Lehr study a high-ranking officer 
observed National Guard trainees, while in the present 
study the level -of presumed authority _of~ was not suffi-
ciently high. Because . ~s received credit for simply 
participating. in this experiment, the motivation to do well 
may have been secondary. In future research, it might be 
advantageous to have an E of higher authority, such as a 
professor or a teaching assistant. 
As expected, there was a significant effect of task 
difficulty, with ~sin the simple condition detecting a 
greater number of signals than Ss in the difficult condition 
and maintaining a consistently high level of performance 
throughout the watch. This latter finding was consistent 
with earlier results (Swets & Kristofferson, 1970) which 
showed stable performance levels on tasks which did not 
require continuous monitoring of a display. The finding 
of time-related improvements in performance for ~sin the 
difficult condition (see F~gure 2) may be due to learning 
of the positions of the critical elements. Only five 
critical slides were used, and it was necessary to present 
each ten times during the course of the experimental 
session. Such learning of the posit~on of the critical 
elements on these few slides would substantially reduce 
the amount of scanning necessary for detection of the 
signals. For ~sin the easy condition, performance levels 
were quite high in the early stages of the session, and 
there was little room for improvement. 
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In future research of this type, it would be advisable 
to use many more critical slides to minimize the possibility 
of such learning. 
CHAPTER V 
SUMMARY 
The present investigation was concerned with deter-
mining the main and interactive effects of motivation level 
and task difficulty on performance on a vigilance task~ 
Twenty-four male and 28 female Ss were shown 200 
slides, each containing a random array of squares with 
O, 2, 3, or 4 protrusions. The slides co.ntained either 35 
objects (difficult task) or 20 objects (simple task), with 
50 of the slides in each condition containing a critical 
object (a square with one protrusion). Level of motivation 
was manipulated by having E in the experimental room with~ 
(high motivation) or absent from the room (low motivation). 
The results indicated that ~s performed significantly 
better in the simple task condition than in the difficult 
condition but E's presence had no effect on performance. 
A Task Difficulty x Trial Block interaction indicated no 
difference in performance level over time for Ss having 
the simple task but improvement over time on the difficult 
task. This interaction may have been artifactual; the Ss 
in the difficult condition may have learned the locations 
of the critical stimuli. 
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INSTRUCTIONS TO THE SUBJECT 
27 
In this experiment we want to see how well people can 
detect one particular object when a number of similar 
objects are presented simultaneously. If you look at this 
screen, you will see a random arrangemen~ of objects. All 
of these objects have square centers. Some objects have 
two protrusions, some have three protrusions, some have four 
protrusions, and some have no protrusions. On some slides, 
there will be one object having only one protrusion. This 
is the object that I wo·uld like you to look for. If you 
see this object on a particular slide, tell me sor-if you 
do not.see it, then say, "no." Please speak clearly into 
this microphone. 
A number.of slides will be flashed on this screen. They 
will be on for three s~conds. There will then be· a delay of 
a few seconds, followed by the next slide. Remember, your 
job is to tell me whether or not you spot an object having 
just one protrusion. Some slides will have an object like 
this, and some won't. Please give me an answer for every_ 
slide. 
Do you have any questions_? 
(If not), Then let's begin. I will not be able to 
stop to answer any questions once we begin. Please do not 
talk except to tell me whether or not you detect the object 
with one protrusion. Watch the screen at all times and try 







Blocks of Trials 
1 2 3 4 5 ' (E_ 
9 10 9 10 10 48 
10 10 10 10 10 50 
10 10 10 9 9 48 
10 8 9 10 10 47 
10 10 10 10 9 49 
8 10 10 10 10 48 
7 9 9 7 7 39 
6. 10 10 8 8 42 
10 10 10 9 . 9 48 
9 10 9 10 10 48 
9 9 10 9 9 46 
9 10 9 9 9 46 
9 10 10 10 9 48 




Blocks of Trials 
1 2 3 4 5 £s -
7 9 8 6 8 38 
10 10 10 10 9 49 
8 9 9 10 10 46 
10 9 10 10 10 49 
8 9 8 10 10 45 
8 7 10 8 9 42 
7 8 9 10 9 43 
9 6 9 6 6 36 
8 10 10 10 10 48 
10 10 10 10 9 49 
9 6 9 8 9 41 
10 8 8 9 10 45 
6 6 9 . 9 .. 9 39 




Blocks of Trials 
1 2 3 4 . 5 {_§_ 
8 4 6 8 9 35 
8 9 9 9 7 42 
8 7 7 7 9 38 
6 4 7 5 6 28 
10 5 5 7 6 33 
2 6 7 7 5 27 
3 2 3 6 6 20 
5 6 7 7 8 33 
9 5 7 8 8 37 
8 9 6 7 - 8 38 
5 5 5 8 8 31 
3 5 4 3 9 24 
7 8 7 9 9 40 




Blocks of Trials 
1 ·2 3 ' 4 · s Is 
7 5 6 5 7 30 
5 8 8 8 7 36 
5 6 7 10 9 . 37 
8 5 9 9 5 36 
4 6 7 6 6 29 
8 4 . 5 8 9 34 
8 6 7 10 9 40 
7 7 5 7 7 33 
6 6 7 9 7 35 
7 7 7 4 - 6 31 
4 7 7 9 8 35 
6 7 5 7 6 31 
4 8 . 9 7 9 . . 37 
79 82 89 99 95 444 
APPENDIX C 
APPENDIX C 




Blocks of Trials 
1 2 3 4 5 £§_ 
0 0 0 0 0 0 
0 0 0 o· 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
1 0 0 0 0 1 
0 0 0 0 0 O· 
0 0 0 0 0 0 
0 0 0 0 0 0 
1 0 0 0 0 1 
0 0 1 0 1 2 
0 0 0 0 0 0 
1 0 0 0 0 1 




Blocks of Trials 
1 2 3 4 . 5 ~ 
0 0 0 0 0 0 
0 0 0 0 0 0 
1 0 2 0 0 3 
2 2 0 0 0 4 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 o· 
0 1 0 0 0 1 
l 0 0 0 2 3 
0 0 0 1 1 2 
1 0 0 0 0 1 
0 0 0 0 0 0 
0 0 0 0 0 0 




Blocks of Trials 
1 2 3 4 . 5 ~ 
0 0 0 0 0 0 
0 0 1 0 0 1 
0 0 1 0 0 1 
1 0 0 1 0 2 
0 0 0 0 0 0 
0 1 0 0 0 1 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 1 1 
0 0 0 0 0 0 
2 0 0 0 0 0 
0 0 0 1 0 1 
0 0 1 0 0 1 




Blocks of Trials 
1 2· . 3 . 4 . 5 ~ 
0 0 .0 0 0 0 
0 0 0 0 0 0 
4 1 0 0 0 5 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 2 0 0 0 2 
2 0 0 0 0 2 
0 1 0 0 0 1 
0 0 0 0 0 0 
0 0 0 0 1 1 
0 0 0 0 0 0 
6 4 0 0 1 11 
